INTRODUCTION
Human factors and poor teamwork are the major contributors to poor performance in high risk industries. 1 Similarly, in healthcare, breakdowns in communication, poor teamwork, lack of leadership, and poor decision making by individuals and teams have all been shown to be major contributors to poor performance. [2] [3] [4] Recognising the impact of poor teamwork on safety and performance, the aviation industry introduced team-oriented training called Crew Resource Management (CRM) for pilots in the late 1970s. The purpose of CRM training is to promote safety and enhance efficiency through optimum use of all available resources: equipment, procedures and people. 5 The focus of CRM training is not on technical skills, but rather cognitive and interpersonal skills such as communication, situational awareness, problem solving, decision making, leadership, assertiveness and teamwork. Training is usually designed to develop generalizable, transportable teamwork competencies that learners can apply across different settings and teams. Instructional methods include: informationbased methods (e.g., didactic lecture); demonstration-based methods (e.g., behavioural modelling, videos); and practice-based methods (e.g., simulation, role playing). 1 There have been a number of literature reviews [6] [7] [8] and a meta-analysis 9 exploring the effectiveness of CRM across a range of high-risk industries. Overall, these reviews suggest a positive effect of training on participant reactions to training, attitudes, knowledge and behaviours related to teamwork. However there is a lack of evidence regarding the effect of CRM training on objective comes such as errors, accidents, and mishaps.
Healthcare shares many of the characteristics of other high-risk work domains, particularly in relation to the requirement for high functioning teams, the high cost of error and the goal of risk reduction. In recent years there has been an upsurge in the application of CRM-type training within healthcare; such training provides a systematic methodology for improving the knowledge, skills, attitudes and behaviours that underlie effective teamwork. Critical elements of the training include: the opportunity for practice, formative feedback, and tools to support transfer of training to the daily care environment.
In recent years, a number of systematic reviews evaluating team-training interventions in healthcare have been published. [10] [11] [12] [13] [14] Such reviews provide a synthesis of the evidence to date.
Overall, the evidence supports the notion that team training can meaningfully improve participant knowledge, attitudes, teamwork processes, clinical care processes and even clinical care outcomes. The purpose of this paper is to build on the existing body of evidence by applying metaanalyses techniques to quantify the effectiveness of CRM-type team training in healthcare settings. Use of meta-analysis will improve upon previous literature reviews through systematic application of quantitative procedures in order to determine the aggregate size of the effects of CRM type training on individual and clinical care outcomes. 16 With the proliferation of CRM-type team training in healthcare settings, an empirical summation of the literature evaluating the effectiveness of such training within this domain is warranted.
The objectives of the meta-analysis are primarily to determine the aggregate size of the effect of CRM training in acute care settings at four different levels of evaluation: reactions, learning, behaviour and clinical care outcomes. Additionally this analysis seeks to identify biases in the research evidence in order to improve the quality of future CRM training interventions in healthcare and also the quality of evaluations of those interventions.
METHOD
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement 17 was used to guide the reporting of this meta-analysis.
Protocol
A review protocol and a search strategy following PRISMA guidelines were compiled and revised by the investigators who have expertise in systematic review and meta-analysis methodologies, medical education and clinical care.
Eligibility criteria
All studies included in the meta-analysis met predetermined eligibility criteria: the studies must report CRM-type training interventions that are focused on improving teamwork within healthcare teams in acute care environments;; training effectiveness must be assessed at least one level of Kirkpatrick's evaluation hierarchy 15 (i.e. reactions, learning, behaviour, or organisation).
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The exclusion criteria were: training that focuses on specific technical skills or procedures rather than on teamwork. Studies that relate to patient or relative-centred communication or collaboration, studies aimed at administrators, leaders or managers. Figure 1 summarises the process by which the studies were screened for inclusion in the meta-analysis. Figure 1 . PRISMA 17 flow of information through the different phases of the review.
Initial search
6,648 articles identified and screened for retrieval.
Stage 1 screening
Titles and abstracts reviewed. Results: 239 articles retained.
Stage 2 screening
Titles, abstracts, and full text reviewed. Results: 65 articles retained.
Stage 3 screening
Titles, abstracts, and full text reviewed. Results: 20 articles retained.
6,409 articles discarded as they did not meet the criteria for stage 1 screening.
174 articles discarded as they did not meet the criteria for stage 2 screening. 
Reactions

Screening
All of the literature was screened for eligibility by two of the authors (AOD and POC)
At each of the stages of screening 10% of the articles were screened by both authors in order to ensure that eligibility criteria were being consistently applied. A total of 100% agreement was found between reviewers in determining eligibility at each stage. The remaining articles at each stage were screened independently. For any articles for which a reviewer was undecided about eligibility for inclusion, these articles were screened by both authors, and a decision was reached by consensus.
Initial screening. A total of 6,648 articles were identified for screening. Articles were screened with reference to the following parameters: population (i.e. learners), setting, programme, outcomes, objective and design. These parameters were used in order to select only training interventions that were focused on improving teamwork within healthcare teams in environments with an acute care focus. Of the initial 6,648 articles, 6409 were excluded and 239 were retained for further screening. The reasons for exclusion are shown in Figure 1 .
Review of design and methods. The full texts of the remaining 239 articles were retrieved and screened. Articles were reviewed with particular focus on study design and evaluation methods (see Figure 1 ). Only uncontrolled pre-post design intervention studies were retained for further analysis as this design is by far the most commonly used in the field of research,
accounting for approximately 80% of eligible research. Only evaluations that could be categorised as an evaluation of reactions, learning, behaviour, or patient care outcomes were retained.
Effect size calculation. Studies were then reviewed in order to determine if sufficient data were available in order to allow effect sizes to be calculated. In total 45 articles with insufficient data to allow for the calculation of an effect size were discarded. A total of 20 articles were retained (see Figure 1 ).
Finally, Kirkpatrick's evaluation hierarchy 15 was used to group studies based upon the level of evaluation: (Level 1: reactions, Level 2: learning, level 3: behaviour, level 4: clinical care outcomes). The specific inclusion criteria for each level were:
• Reactions: An evaluation was coded a measure of reactions if it pertained to likeability, usefulness, or relevance of the training. Responses must be measured on a
Likert scale and allow a mean score to be calculated.
• Learning: An evaluation was coded as an assessment of learning if knowledge about teamwork or attitudes towards teamwork were assessed. The study must utilise a prepost design, and must contain sufficient information to allow Cohen's d and the standard error (SE) to be calculated.
• Behaviour: For a study to be coded as an evaluation of behaviour there had to be an assessment of behaviour by an observer in a real or simulated environment, using a behavioural observation system. The study had to utilise a pre-post design, and must contain sufficient information to allow Cohen's d and the SE to be calculated.
• Clinical care outcomes: For an evaluation to be coded as at this level it must include a measure of safety or quality. The assessment must involve a pre-post evaluation and allow Cohen's d and the SE to be calculated.
Overall, the screening process resulted in nine separate evaluations of the impact of training on reactions, three evaluations of knowledge change, nine evaluations of attitude change, seven assessments of behaviour change, and seven assessments of changes in clinical care outcomes (see Figure 1 ).
Data extraction process
Using a data abstraction form with inclusion and exclusion criteria, two authors (POC and AOD) extracted data from included articles. The form collected the following information:
year study was conducted, study design, sample size, description of study participants, description of intervention, the nature of the evaluations carried out and the instruments used, the delay between training and evaluation, methodological quality, and sample-size calculation.
Quality assessment
The quality of the papers included in the meta-analysis was evaluated using the 10-item medical education research study quality instrument (MERSQI). 18 The MERSQI was designed to measure the methodological quality of experimental, quasi-experimental, and observational studies in medical education. The instrument assesses quality based on the following dimensions: study design, sampling, type of data, validity of evaluation instrument, data analysis, and outcomes. The MERSQI has been found to have acceptable levels of reliability and validity. 18
Quantitative data synthesis
The data was analysed separately for each of the four levels of training evaluation or outcome levels. The MIX 2.0 19 software was used to carry out the meta-analyses. A random effects model as utilised by MIX 2.0 was used to calculate the overall effect size and heterogeneity estimates. Effect direction was reversed when necessary to ensure that positive effects indicate an improvement in scores on the measures. Cohen's d was used to calculate the effect size. Cochran's Q-test was used to assess whether the studies were homogeneous. A significant Q is associated with differences between the effects contributing to the mean. In contrast, a nonsignificant Q indicates a lack of substantial differences between the effects contributing to the mean, once sampling error has been removed. Where multiple evaluations were included from the same study (Clay-Williams et al 20 at the attitude level, and Shapiro et al 21 at the behavioural level), they were entered into the meta-analysis independently.
RESULTS
Study characteristics
A total of 20 articles met the a-priori criteria for inclusion in the meta-analysis. The samples include cross-disciplinary teams such as theatre teams, intensive care unit teams, emergency department teams, neonatal unit teams, labour and delivery personnel, operating room personnel (see Table 1 ). The teams tend to be multi-level consisting of resident physicians, anaesthetists, nurses, midwives, and students. Training time ranges from 90 minutes to 2 days and included didactic lectures, workshops, simulation, coaching. Course content included assertiveness, situation awareness, teamwork, communication, task management, stress management, team coordination, error and crisis management (see Table 1 ). 
Study quality
The quality of the included studies was assessed using the MERSQI. Each article can receive a maximum of three for each of six domains, and a maximum total MERSQI score of 18. 
Outcome Evaluation
Of the studies included in the meta-analysis, 9 studies evaluated the training at the reactions level, three studies reported an assessed knowledge change, nine reported an evaluation of attitude change, and eight reported an evaluation of behaviour change. Only two studies that assessed clinical care outcomes were included in the meta-analysis, these evaluated the impact of training on length of hospital stay. Other measures of clinical care outcomes are presented but the data was not synthesised here due to the diversity of measures used.
Reactions. Nine studies of participants' reactions to training are included in the metaanalysis. All of these studies involved a post-training paper and pencil survey in the form of a five point Likert Scale (see Table 3 ). Overall reactions to training were very positive, a weighted combined mean score of 4.25 out of possible maximum mean score of five indicates that participants found the training to be relevant and useful. The scale of this study was reversed to be consistent with the other studies analysed. c The combined score was calculated by multiplying the number of participants in each study by the mean score for each study, adding the nine values together and dividing by the total number of participants across all of the studies.
Knowledge. Three independent studies reported an analysis of knowledge gain as a result of the training (see Table 4 ). Assessment involves pre-and post-training knowledge assessment using a self-report tool. A meta-analysis including these three studies resulted in a large mean effect size (see Table 5 and the Forest plot in panel A of Figure 2 ). 24 2010
Length of stay in intensive care 161 0.12 0-2 mnths a Delay refers to the length of time between completion of the course and the post course evaluation. Attitudes. Nine evaluations of attitude change as a result of training were included in the meta-analysis. Assessments involved questionnaire based pre-and post-assessment of attitudes to teamwork (see Table 4 ). A meta-analysis of nine different comparisons of attitudes resulted in a small effect size (see Table 5 and the Forest plot in panel B of Figure   2 ).
Behaviour. A total of eight comparisons of the effects on behaviour of the training were
included in the meta-analysis. Assessment involved pre-and post-evaluations of team behaviour using behavioural assessment tools (see Table 4 ). A meta-analysis was carried out, and a large effect size resulted (See Table 5 and the Forest plot in panel C of Figure 2 ).
However, based upon the Q-value; there was significant heterogeneity between the studies (see Table 5 ).
Clinical care outcomes. It was only possible to carry out a meta-analysis of two evaluations of the effect of CRM training on clinical care outcomes; both evaluate the effect of training on length of stay in hospital. No effect was found (see Table 5 and panel D of Figure 2 ).
Other clinical care outcomes measured such as operating time, adverse events, and length of stay in intensive care were also assessed pre-and post-training. However, these evaluations were not included in a meta-analysis due to the diversity of measures, and lack of independence between measures. None-the-less, the effect sizes of these outcome measures are shown in Table 4 . The d statistics for these clinical care outcomes indicate either no effect or a small effect on clinical care outcomes such as time to theatre, time in emergency department or length of stay in intensive care (see Table 4 ).
Synthesis of results
The meta-analysis of CRM-type team training in healthcare found that participants like this type of training, there was a large effect of the training on knowledge, a small effect of training on attitudes, and a large effect of training on behaviour. The evidence for an effect on clinical care outcomes, or the long term impact of the training was unsupported in this metaanalysis.
DISCUSSION
Summary of Evidence
The primary objective of this meta-analysis was to contribute to the existing literature by knowledge a small effect on attitudes and a large effect on behaviours. There was insufficient evidence to support an effect on clinical care outcomes or long-term impacts. The findings support the conclusions of previous systematic reviews that report that team training can improve the effectiveness of multidisciplinary teams in acute hospital care. [10] [11] [12] [13] A secondary objective of this analysis was to identify biases in the research evidence in order and can be influenced by outside social and environmental changes that may affect outcomes of interest. 13 Randomised controlled trials may be the preferable option however standardisation is difficult in such complex environments.
Sampling bias. In terms of sampling, little or no information is provided in the articles about how the samples are selected for training. If all participants self-selected, it is possible that these participants are more receptive to such training, than the rest of the population and therefore more likely to benefit from it. Outcome assessment bias. A lack of standardisation of outcome assessment is a key limitation of the field of research. In effect, a wide variety of sometimes non-validated instruments have been used to measure knowledge, attitude and behaviour change. To illustrate, within the 20 studies included in this meta-analysis, six different measures, or derivatives of measures were used at to assess attitudes and six different scales were used to rate behaviours. In relation to the assessment of behaviours, six of the assessments involved performance on simulated cases, 21, 26, 27, 29, 37 and two assessments involved performance on real medical cases. 31, 33 Moreover, two studies reported the assessments of specific teamwork behaviour 29, 31 and the others provided a global assessment of teamwork behaviours. 21, 26, 27, 33, 37 There is also potential bias in the rigour in which behaviour was assessed in some of the studies. Of the eight evaluations at the behaviour level, examiners were blinded in five of the comparisons 21, 27, 29, 33 , in two evaluations 31, 37 the examiners were not blinded, and in one 26 no information was provided in order to allow a determination to be made. Overall, variability in methods and instruments contributes to the significant heterogeneity found in this meta-analysis.
Moreover, instruments are sometimes inappropriately used in the sense that they measure outcomes that are unrelated to the training received, this is particularly true of some of the attitudes scales used. For example, of the 20 studies included in this meta-analysis, three studies used the Safety Attitude Questionnaire (SAQ). The SAQ measures six patient safety domains: teamwork climate, safety climate, perceptions of management, job satisfaction, working conditions, and stress recognition. 31, 39 Although the SAQ has good psychometric properties, it is a safety culture survey that addresses attitudes to issues beyond the topics addressed in the training that was provided. To illustrate, the training is unlikely to have an effect on perceptions of management or working conditions. Similarly, Robertson et al 36 It is well known that the use of meta-analysis techniques leads to a gain in precision at the cost of selectivity. 43 Moreover, every meta-analysis has some inherent bias that can be attributable to the inclusion/exclusion criteria and methods used to research the literature. 44 Nevertheless, the evidence presented in this review concurs with the findings from previous systematic reviews [10] [11] [12] [13] [14] regarding the effectiveness of CRM training on reactions, learning and behaviours.
In terms of patient care outcomes, the findings of this meta-analysis may present a more conservative estimate of effectiveness than is presented in previous review studies. For example, Neily et al 41 in their retrospective study found significant reductions in mortality ratios in facilities that had undergone CRM training. Such studies present a stronger case for improvements in clinical care outcomes as a result of CRM training, than were found in this meta-analysis. Similarly, some of the review studies also conclude that team training intervention can improve teamwork processes and patient safety outcomes including mortality and morbidity. 14
Recommendations
Although the findings from the meta-analysis were positive, these should be considered within the limitations described above. Overall we estimate a moderate to high risk of bias in the included research. Bias can be significantly reduced through the use of standardised measurement instruments in outcome assessment, ensuring that the instrument is appropriate to the training provided, blinded outcome assessment, representativeness of the sample selected, and using randomised selection where possible. These limitations serve to highlight the need for greater standardisation, more precision and larger scale research projects that are matched carefully to outcome assessment in order to advance the field of research.
Two training programs (TeamSTEPPS and the Medical Team Training-MTT-programme as implemented by the Veterans' Association) appear to offer the best opportunities for standardisation and validation of methods and measure. TeamSTEPPS and MTT are the most widely applied CRM-type team training strategies in healthcare and would appear to offer the best opportunity to conduct the type of large-scale study that is required to assess the impact of CRM training over time. These programmes also include standardised tools for assessing attitudes and behaviours. Therefore, the infrastructure, and tools, for a large-scale impact study already exists.
Although there are limitations in the quality of the research, we believe that there is sufficient evidence to demonstrate the value of CRM type team training in health care. In 2003 Smith and Pell 45 published an article entitled: "parachute use to prevent death and major trauma due to gravitational challenge". The article illustrates that irrefutable scientific evidence is not necessarily required before new safety practices are adopted, and waiting for this evidence may be unethical.
By way of illustration, the regulators of civil aviation in the UK and US made CRM training mandatory for pilots in 1992 46 and 1998 47 respectively. This decision was based upon a body of evidence supporting CRM training effectiveness that is far weaker than that which currently exists in the healthcare industry. Indeed, there remains no evidence of the long term impacts of CRM training on aircrew behaviour or system safety, many of the measures used to evaluate aircrew performance and attitudes still require validation, 48 and there is little evidence to support the impact of CRM training on mishap rates-even in the military where mishaps are more frequent than in commercial aviation 49 . Yet there was no wait in either military or commercial aviation for conclusive evidence on the effects of CRM training on mishap rates before mandating training to improve teamwork. The evidence for the effectiveness of CRM training in healthcare is now more robust than that which exists in the aviation CRM literature.
It is undeniable that poor teamwork has a negative impact on patient safety and quality of care, and the evidence consistently shows that CRM training is effective in improving teamwork in healthcare. Yet despite this evidence, the impetus for widespread implementation of CRM training in health care is still largely lacking. "While we may not be able to document statistically the number of lives saved by exemplary CRM practices and lives lost through CRM failures, the evidence for the value of CRM cannot be challenged"(p. 499) 50 . In an era of increased specialisation, more acute and complicated procedures, and shorter hospital stays, the need for effective communication and teamwork is more critical than ever. However, "health care professionals still adhere to few standards for debriefing and communication, and rely on their innate interpersonal skill sets"(p. 14). 11
CONCLUSIONS
The research reported in this meta-analysis adds to the evidence provided by the growing number of individual studies and systematic literature reviews supporting the effectiveness of team training in healthcare-at least in the short term-on reactions, knowledge, attitudes, and behaviour. This meta-analysis provides researchers with estimates of the effects of training, and identifies issues that should be avoided when designing CRM evaluation studies.
The long-term effects of CRM training or the impact on clinical care outcomes is not yet established. Gathering this evidence will require more multi-level, multi-centre, multispecialty, and longitudinal studies. The healthcare industry could wait for this evidence before further implementation of CRM training, or perhaps the 'parachute approach' may be more prudent.
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